ABSTRACT. To investigate the relationships between trace elements concentrations in hair and atrial fibrillation (AF) in horses, concentrations of nineteen trace elements were detected in hair using the particle induced X-ray emission (PIXE) method. The horses were assigned to either control (n=22, no abnormalities) or AF groups (n=5) based on electrocardiograph findings. The mean concentrations of Ca and Zn in the hair of the AF group were significantly higher than those in the control group. The Zn/Cu ratio of the hair in the AF group (29.8 ± 5.5) was significantly higher than that in the control group (23.4 ± 2.2, P<0.05). The results of the present study suggest that there is a relationship between elevated concentrations of Ca and Zn in hair and AF. KEY WORDS: atrial fibrillation, equine, trace element.
Atrial fibrillation (AF) is the most common clinically relevant cardiac arrhythmia in horses [10] . Using electrocardiography, AF is identified by the lack of definitive P waves, presence of deflections of variable frequency and amplitude in the baseline (f waves) attributable to chaotic electrical activity in the atria, and an irregular ventricular rate. Older horses with AF often have signs of congestive heart failure, prominent murmurs, and a rapid resting heart rate [6, 9] .
Many reports have discussed the relevance of Zn in arrhythmias in human [11] , guinea pigs [4, 8] and rats [14] . We previously described that horses with first and second degrees atrioventricular (AV) blocks have a large amount of Zn in hair compared to those without arrhythmia [3] . Those results suggested that evaluation of the concentration of Zn in hair might be used to predict the susceptibility of horses to heart disease much earlier than the appearance of symptoms and development of heart disease. However, correlations between arrhythmia and element status in hair are not yet clear, except in the case of AV block.
Therefore, investigation of the relationship between AF and trace element status is important for equine health care. The aim of this study was to investigate the relationships between mean concentrations of those elements and AF in the mane hair of horses.
Experiments were performed on 27 castrated and bay horses, 13.2 ± 4.2 year-old. The horses used in this study were kept under the same management conditions for at least three months in the same riding club (Yokohama, Kanagawa) and were deemed healthy on the basis of physical examinations. Electrocardiograms (ECG) of the resting horses were taken by a portable cardiac monitor (PAM Cardiac Monitor VM-8000, West Lagayette, IN, U.S.A.) and recorded for one minute in a stable. The horses were assigned to either the control (n=22, no abnormalities) or AF groups (n=5, subclinically established atrial fibrillation) based on ECG findings. In a previous study, we demonstrated that the values obtained are not dependent on the horse's age, breed, and sex, and that they may be used as reference values in the assessment of diseases and nutritional status in horses [2] . However, the influence of hair color on elemental status has already been demonstrated in the horse [1, 5] . In order to avoid the influence of hair color, therefore, all mane hair samples were obtained from bay horses whose mane hair color was black.
Nineteen elements (Al, Br, Ca, Cl, Co, Cr, Cu, Fe, K, Mg, Mn, Na, P, S, Se, Si, Sr, Ti, and Zn) were detected in mane hair using the particle induced X-ray emission (PIXE) method. The permanent hairs of the equine mane and tail grow continuously. Dunnett and Lees [7] demonstrated that mane hair growth was relatively constant over a 12-month period. In addition, hair must be more than 6 cm in length for PIXE measurement [1] . Therefore, it seemed that mane hair was the most suitable specimen for determination of hair element status.
Because the PIXE method does not require complicated sample preparation, the risk of contamination during preparation of samples is remarkably lower for it than for other methods. A total of 10 hairs were collected as hair specimens from the nape area nearest to the skin of each horse. The hair specimens were further cut to even lengths of about 6 cm and washed with acetone a few times [1] [2] [3] . Only 10 hairs were attached per holder and directly irradiated with proton beams. A small cyclotron (baby cyclotron) established for positron nuclear medicine at the Nishina Memorial Cyclotron Center can put a 2.9 MeV-proton beam on a target after passing it through a beam collimator of graphite. X-rays with higher energy than that of K-Kα were detected using on Si (Li) detector (0.0254 mm Be window) with 300 and 1,000 µm-thick Mylar absorbers. For lower-energy Xrays, another Si (Li) detector (0.008 mm Be) was used without an absorber. A detailed description of the experimental arrangement is shown elsewhere [1-3, 15, 16] .
Data are shown as means ± standard deviation (SD). Statistical analyses were performed using a software package (StatView, Japanese Edition, Ver. 5, Hulinks Japan, Tokyo, Japan). Different percentiles were calculated from the measured values. The mean value of the AF group was compared with the mean value of the control group using the unpaired t-test after analysis of variance by one-way ANOVA. The significance level was P<0.05.
In this study, 19 elements were measured in mane hair using the PIXE method (Table 1) . We found no relationship between the AF observed by ECGs and the levels of elements in the horse mane hair, expect Ca, Na and Zn. The mean concentration of Ca in the hair of the AF group (1753 ± 323 µg/g) was significantly higher than that of the control group (1240 ± 350 µg/g, P<0.05). The Ca/P ratio of the hair in the AF group (8.7 ± 3.3) was also higher than that of the control group (6.0 ± 2.4), whereas there were no significant differences. The cause of this disturbance in mineral metabolism is probably due to activity of the sympathetic nerve system when Ca metabolism is disturbed [11, 13] . Lind et al. [11] speculated that the principal cause of disturbed Ca metabolism is primary hyperparathyroidism, but the mechanisms are unclear. In the body, Ca and Mg are regulated and restricted by each other, so variations in the Ca/Mg ratio reflect the effects of these two microelements. However, no significant difference in Ca/Mg ratio was observed between the control and AF groups.
Zinc and Copper are essential trace elements, and lack of them appears to be consistent with malfunctions of the cardiovascular systems [17] . Their patterns in the tissues of subjects who died of atherosclerosis, hypertension, or myocardial infarction differ from those of healthy controls. There are many reports that discuss the relevance of Zn and bradycardia or arrhythmia in vitro [8, 14] , and the relevance of elements and blood pressure, including hypertension [11] [12] [13] . Elevated Zn levels have been found in spontaneously hypertensive rats, but not in rats with renal hypertension [12, 13] . In addition, it has been reported that patients affected by myocardial infarction and their descendants had 2 and 1.5 times larger Zn concentrations in their hair, respectively, than normal healthy volunteers [17, 18] . One factor that could possibly be responsible for excessive absorption of Zn in patients with cardiovascular disease is overexpression of the genes responsible for synthesis of Zn metallothionein either independently or under the influence of stress hormones such as glucocorticoid from the adrenal cortex, which has been shown to induce synthesis of Zn metallothionein in the acinar cells of the pancreas [17] . In this study, the mean concentration of Zn in the hair of the AF group (242 ± 44 µg/g) was significantly higher than that of the control horses (186 ± 36 µg/g, P<0.05). In the body, Zn and Cu are regulated and restricted by each other, so variations in the Zn content and the Zn/Cu ratio reflect the effects of these two microelements [18] . In this study, the Zn/Cu ratio of the hair in the AF group (29.8 ± 5.5) was also significantly higher than that of the control group (23.4 ± 2.2, P<0.05).
These results support a previous study demonstrating that the Ca and Zn concentrations and Zn/Cu ratio in the hair of horses with AV-block were significantly higher than those of horses without an ECG abnormality [3] . The horses with AF were found to have a large amount of Ca and Zn in their mane hair compared to those without this abnormality. Therefore, this suggests that there is a relationship between elevated concentrations of Ca and Zn in mane hair and arrhythmias in the horse. Asterisks indicate a significant difference between the control and AF groups by unpaired student's t-test (p<0.05).
